FIGURE 2 Geographical location of Kasama and Kaputa in Northern Province, Zambia

FIGURE 1 Geographical location of Zambia
all records from 1 January 1991 up to 31 December 1995. Also, the catchment area in terms of institutional deliveries was determined for Kasama General Hospital by studying the residential address of the last 1000 deliveries.
Sampling
In Kasama District, a list of 1086 villages, with an average population of 100 children and 100 adults, constituted the sampling frame. From these 30 villages were originally selected to ensure at least 3000 respondents. A random number table was used to select the first village between number 1 and 36 on our list, with a sampling interval of 36 to identify the other 29 villages. In addition a random strategy was worked out to add neighbouring villages to the selected clusters in case the number of adults eligible for interview fell short of the expected number of 100 per village. Eventually 44 villages were included in the sample. In Kaputa District interviews were carried out in all villages that also have a primary school. The eligible 44 villages were evenly scattered across Kaputa District.
Training and Data Collection Tool
In Kasama 15 nursing students were trained for two half-days, which included field testing in the villages surrounding the nursing school area, in administering the following questionnaire in the local language: a. Date of birth of respondent b. Sex of respondent c. How many sisters have you ever had who were born to the same mother? d. How many of these sisters reached age 15, including those who are now dead? e. How many of these sisters reaching age 15 are alive now? f. How many of these sisters reaching age 15 are dead now? g. How many of these dead sisters, who reached age 15, died while pregnant, during delivery, or during the first 6 weeks after delivery?
All interviewers had to indicate on the form whether the sum of e + f = d, and d was ഛc. In that way discrepancies were sorted out in the field. During the training it was also stressed that a female respondent should not include herself in reporting the number of sisters born to her mother.
In Kaputa District 80 primary school teachers were trained in a similar way, including a small field test, in 11 groups. Afterwards they administered the questionnaire in the village in which the primary school was situated.
Analysis and Definitions
All data were analysed on a computer with Epi-info, Version 5.0. Confidence intervals (CI) and comparisons were made using the Normal approximation to the binomial distribution as described by Osborn. 6 A maternal death was defined according to the ICD-10 as the death of a woman while pregnant or within 42 days of termination of pregnancy, irrespective of the duration and the site of the pregnancy, from any cause related to or aggravated by the pregnancy or its management, but not from accidental or incidental causes. 7 Maternal mortality ratio (MMR) was defined as the number of maternal deaths per 100 000 live births. Maternal mortality rate was calculated as total fertility rate multiplied by maternal mortality ratio. 8 The total fertility rate of 7.1 for rural Zambia was used; as estimated by the Zambian demographic and health survey of 1992. 9 Population attributable risk (PAR) was defined as risk in the total population minus risk in the unexposed population. The risk in the total population was estimated separately for Kasama and Kaputa Districts using the community-based sisterhood method. The exposure factor was defined as 'living more than 2 hours walking to the nearest hospital'. The unexposed population consequently were the women living within 2 hours walking distance to the nearest hospital, which in Kasama applies to almost all the women delivering in the hospital as will be seen from the Results. Population etiological fraction (PEF) was defined as PAR/ Risk in total population. Stratified analysis of Kasama data was done using two areas: one with poor, and another with very poor access to health services. This was based on the plotting of a measles epidemic which reached its peak during the sisterhood survey. Starting in Kasama town, the spreading epidemic was limited by two rivers only. Measles immunization coverage is as high beyond those rivers as within them. This coincidental proof of effectiveness of these natural barriers also indicated that it was more difficult for mothers living beyond those rivers to reach Kasama Hospital for an emergency.
Maternal death figures from Kasama General Hospital were compiled mainly retrospectively from the records from 1 January 1991 up to 31 December 1995. The MMR for the hospital was calculated as the number of maternal deaths divided by the number of live births which took place at the hospital during the same period of 5 years.
RESULTS
In Kasama and Kaputa Districts interviews were completed for 3123 and 2953 respondents respectively. Total maternal deaths divided by total sister units of risk exposure yielded a lifetime risk of dying from maternal causes of 5.4% for Kasama and 11.0% for Kaputa. Division of this risk by the total fertility rate of 7.1 and multiplication by 100 000 leads to 764 maternal deaths per 100 000 live births for Kasama District and 1549 for Kaputa District (Tables 1 and 2 ). The average age of Kasama respondents was 35.2 ± 0.3 years, and 33.5 ± 0.3 years for Kaputa respondents. The MMR for Kasama General Hospital was 543 per 100 000 live births, based on 60 deaths and 11 041 live births during a 5-year period. In Kasama the respondents' sex was recorded for 2947 (94.4%) individuals: 1166 male and 1781 female. In Kaputa the sex was recorded for 2953 (89.3%) individuals: 1195 male and 1442 female. No significant difference for MMR was found between male and female respondents in both Kasama (P = 0.25428) and Kaputa (P = 0.25428). In Kasama 1902 respondents came from the poor accessibility zone, and 1221 from the very poor accessibility zone. Maternal Note: total life time risk of maternal mortality (c/e) is 0.10995. When this risk is divided by the total fertility rate (7.1) and multiplied by 100 000, then the number of maternal deaths per 100 000 live births is 1549. Note: total life time risk of maternal mortality (c/e) is 0.054226. When this risk is divided by the total fertility rate (7.1) and multiplied by 100 000, then the number of maternal deaths per 100 000 live births is 764.
mortality ratios according to location, sex, and accessibility are summarized in Table 3 . Significantly different MMR was found between the two accessibility zones, between Kasama General Hospital and each of the accessibility areas in Kasama District, and between Kasama General Hospital and Kaputa District ( Table 4 ). The same The maternal mortality ratio is calculated as follows: [a/(b × 7.1)] × 100 000, where 7.1 is the total fertility ratio for rural Zambia. The ratio for KGH is calculated directly from the 11 041 live births which took place in the hospital between 1991 and 1995 as follows: (a/11 041) × 100 000.
births. The population etiological fraction (PEF) is 29%. In Kaputa District, which has no hospital, the risk in the total population is 1549 per 100 000 live births. The PAR there is 1006 maternal deaths, and the PEF is 65%.
DISCUSSION
Comparison with other studies shows that rural Zambia has one of the highest maternal mortality ratios in Africa: 570 in Ethiopia, 10 287 in Zimbabwe, 11 426 in Malawi, 12 297 in Tanzania, 13 740 in Djibouti. 14 This study estimated the contribution of poor accessibility in terms of remoteness, to this problem.
Previous studies in other parts of Africa have used the sisterhood method and found it to be reliable and robust. The good quality of our community-based data is supported by the absence of a significant difference between male-and female-based MMR in both Kasama and Kaputa Districts. The catchment area for all maternal deaths in Kasama General Hospital is clearly bigger than for all mothers delivering live babies in the same institution. The hospital-based maternal mortality is therefore likely to be overestimated because of its limited referral function for complicated maternity cases.
Using the procedure as described by Graham et al. 5 for calculating the time-location, the community-based estimates of maternal mortality for Kasama and Kaputa refer to a period about 10.8 and 10.1 years prior to data collection respectively. The hospital data refer to a period 5-10 years later. It is unlikely that the population of Northern Province, Zambia, has experienced a significant change in the overall level of maternal mortality in the last 10 years. Therefore the time-location dof the community-based study and the hospital study are reasonably comparable. Hospital delivery in Kasama seems to be possible only by and large for mothers living within walking distance of that institution. This is supported by the hospital distribution of mothers' place of residence. The difference in mortality risk for mothers living just beyond the walking distance area, or far across the two rivers which effectively divide the district is only just significant. The measles epidemic, which led to stratification of the data in the first place, was transmitted from person to person. Maternal problems like obstructed labour or post partum haemorrhage have to be brought to the hospital for a better chance of survival. If there are few means of transport then it makes only a small difference on which side of the river one lives. The data from Kaputa District illustrate that maternal mortality can double when there is no hospital in the district in addition to poor transport. Comparison of data from Kasama General Hospital, the poor access stratum of Kasama District, the very poor access stratum, and Kaputa District, show a dose-response relationship between distance and maternal mortality. Also, of all women dying, proportionally more die of maternal causes in the more remote areas.
The PAR indicates the additional risk of dying from maternal causes for women living in remote areas. The PEF suggests that maternal mortality could be reduced by 29% if hospital services, as they currently exist in Kasama General Hospital could be brought within reach of all mothers in Kasama District. The real benefit could be bigger because the hospital-based maternal mortality rate is likely to be overestimated because of the different catchment areas of numerator and denominator. However, this may be a maximum figure because it implies that all mothers would make use of the offered maternity service to the same extent as they do now. At present the institutional delivery rate is approximately 25% with all the accessibility problems. It can therefore be anticipated that the benefits in terms of maternal mortality reduction, from an effective referral system will be about 29%. The relatively high maternal mortality levels already found amongst women with good access to Kasama General Hospital also suggests that reduction beyond 29% in Kasama District requires more than solving physical accessibility problems, e.g. by offering better quality of maternity services. In Kaputa District, which at present has no hospital, providing more accessible services would have an even more profound impact as can be seen from the calculated etiological fraction of 65%. The outcome of this study has encouraged both districts to set up a better referral system, e.g. through installation of short wave radios in outlying health centres, start up of strategic blood banks in the district, and an ambulance service. In the future we want to repeat this maternal mortality study and evaluate the impact versus the cost of our referral system.
